Purpose: The purpose of this study was to investigate whether a shorter language sample elicited with fewer pictures (i.e., 7) would yield a percent grammatical utterances (PGU) score similar to that computed from a longer language sample elicited with 15 pictures for 3-year-old children. Method: Language samples were elicited by asking forty 3-year-old children with varying language skills to talk about pictures in response to prompts. PGU scores were computed for each of two 7-picture sets and for the full set of 15 pictures.
L anguage sample analysis (LSA) is an important part of assessing a child's language. Some LSA provides a fine-grained analysis of a particular aspect of language, such as use of verb tense markers or noun phrase elaboration, for the purpose of determining strengths and weaknesses and selecting treatment goals (e.g., Eisenberg et al., 2008; Leonard, Camarata, Brown, & Camarata, 2004) . Other LSA measures, such as mean length of utterance and number of different words, broadly characterize a child's linguistic performance for the purpose of identifying a language impairment (LI) or measuring change over time (e.g., Rice et al., 2010; Scott & Windsor, 2000) . These are referred to as general language performance measures. The current article looks at one general language performance measure -percent grammatical utterances-that measures grammaticality (i.e., the extent to which a child's language production conforms to the conventions of English grammar and usage) using picture-elicited language samples.
One frequently given reason for not using language sample analysis in clinical work is the amount of time it takes for eliciting, transcribing, and analyzing the sample (Hux, Morris-Friehe, & Sanger, 1993; Kemp & Klee, 1997) . This time could be reduced by using shorter samples. However, it needs to be established whether those shorter samples will yield the same results as longer samples. In the current article, we focused on evaluating whether percent grammatical utterances in 3-year-old children varies with the number of pictures that are used to elicit language samples.
Why Grammaticality Is Important
One aim of the common core educational standard for language is for students to demonstrate command of the conventions of standard English grammar and usage when speaking or writing (e.g., State of New Jersey Department of Education, 2010) . This standard is particularly relevant for children with LI because the presence of grammatical deficits is a key characteristic of these children (Leonard, 1998) . Measures of grammaticality have been shown to distinguish between preschool children with and without LI (Dunn, Flax, Sliwinski, and Aram, 1996; Eisenberg & Guo, 2013; Souto, Leonard, & Deevy, 2014) . Eisenberg and Guo (2013) , for instance, reported a sensitivity rate of 100% and a specificity rate of 88% for differentiating between 3-year-old children with and without LI on the basis of the percentage of utterances that were grammatical. Similarly, Souto, Leonard, and Deevy (2014) reported 93% sensitivity and 94% specificity in their study of 4-year-old children.
Broad measures of grammaticality are also sensitive to age and language status during the school years (Fey, Catts, Proctor-Williams, Tomblin, & Zhang, 2004; Guo & Schneider, 2014; Scott & Windsor, 2000; Westerveld & Gillon, 2010) . In a study by Fey, Catts, Proctor-Williams, Tomblin, and Zhang (2004) , second-and fourth-grade children with LI produced a lower proportion of grammatical utterances than same-aged children with typical language for both spoken and written narratives. Likewise, school-age children with LI (mean age 11;6 [years;months]) in a study by Scott and Windsor (2000) showed significantly higher rates of grammatical errors than same-aged children with typical language for both spoken and written expository samples as well as narrative samples.
Percent Grammatical Utterances (PGU) as a Measure of Grammaticality
The most frequently noted deficit for children with LI is with usage of verb tense markers (Bedore & Leonard, 1998; Rice, Wexler, & Cleave, 1995) . However, children with LI have also been reported to make other grammatical errors, such as argument omissions , pronoun errors (Loeb & Leonard, 1991; Moore, 2001) , and omissions and errors on other grammatical morphemes (e.g., articles, plurals) more often than typically developing children (Leonard, Eyer, Bedore, & Grela, 1997; Polite, Leonard, & Roberts, 2011; Watkins & Rice, 1991) . Eisenberg and colleagues (Eisenberg & Guo, 2013; Eisenberg, Guo, & Germezi, 2012) , therefore, suggested using percent grammatical utterances (PGU) as a broader measure that incorporates a variety of properties that can affect grammaticality rather than focusing exclusively on verb tense marking.
Eisenberg and colleagues examined PGU in 3-yearold children with and without LI using picture-elicited language samples (Eisenberg & Guo, 2013; Eisenberg, Guo, & Germezi, 2012) . In those studies, language samples were collected by asking children to describe 15 pictures one at a time in response to four elicitation questions (see Appendix A). The language samples were segmented into communication units (C-units) as in studies of grammaticality in school-age children (Fey et al., 2004; Guo & Schneider, 2014; Westerveld & Gillon, 2010) . A C-unit, by definition, can be one independent clause plus any number of dependent clauses (Loban, 1963) . Unlike the rules in Developmental Sentence Scoring (DSS; L. L. Lee, 1974) , which includes only complete utterances (i.e., utterances with both a subject and main verb), the PGU calculation includes utterances without a subject (e.g., Washing dishes) or a main verb (e.g., He hungry) if those constituents are obligatory.
A C-unit was judged as ungrammatical if it had one or more structural errors or semantic irregularities. This was broader than the criteria described by Scott and Windsor (2000) because they included only structural errors in their computation. There were three reasons for the inclusion of semantic irregularities in determining the grammaticality of C-units. First, syntax is not independent of meaning.
Rather, semantics contributes to the well-formedness of sentences (Halliday, 1994; Saeed, 2009) . Second, this decision is consistent with other assessments, such as DSS (L. L. Lee, 1974) and the Sentence Formulation subtest of the Clinical Evaluation of Language Fundamentals, Fourth Edition (CELF-4; Semel, Wiig, & Secord, 2003) , both of which score semantic irregularities as errors. Third, we wanted consistency between scoring substitution errors on grammatical morphemes (e.g., A boy in the stool is falling down) and errors on content words. Thus, utterances such as "They are brooming the leaves" or "She's gonna fall to the ceiling" were scored as ungrammatical.
PGU was calculated by dividing total number of grammatical C-units by the total number of C-units in the picture-elicited language samples. Fey, Catts, ProctorWilliams, Tomblin, and Zhang (2004) used an identical calculation in their study of school-aged children, dividing the percentage of C-units not containing errors by the total number of C-units. Similarly, L. L. Lee (1974) awarded one point (termed a sentence point) to utterances without errors and divided total sentence points by the total number of utterances to calculate a mean sentence point score.
PGU was significantly correlated (r = .53) with the Structured Photographic Expressive Language TestPreschool 2 (SPELT-P2; Dawson et al., 2005) , a standardized test of morphology and syntax (Eisenberg & Guo, 2010) . Following Sackett (1991) , a cutoff score for PGU was determined by first using a receiver operating characteristic (ROC) curve to generate pairs of sensitivity and specificity rates for a range of cutoff scores and then choosing the cutoff that maximized diagnostic accuracy. A PGU score of 58.32% yielded sensitivity at a 100% level and specificity at an 88% level for differentiating previously diagnosed 3-yearold children with and without LI (Eisenberg & Guo, 2013) . These data supported the use of PGU for measuring children's grammaticality.
Types of Language Samples for Measuring Grammaticality
Picture-elicited language samples rather than conversational samples during free play were chosen as the context for assessing grammaticality in the studies of Eisenberg and colleagues (Eisenberg & Guo, 2013; Eisenberg et al., 2012) for two reasons. First, even when materials and topics are controlled for during conversation, utterances addressed to the child will vary. Using pictures with specific prompts to collect language samples allowed us to standardize what was said to the child so that all children responded to the same utterances. Second, children with LI are more likely to produce elliptical responses during conversation than are children with typical language (Johnston, Miller, Curtiss, & Tallal, 1993) . Using pictures as the stimuli allowed us to provide prompts that would obligate the subject and reduce opportunities for ellipsis. This was important because pilot work on assessing grammaticality for conversational samples showed poor reliability for judging whether subjectless sentences and fragments were truly ungrammatical or pragmatically allowable.
Previous studies of school-aged children have calculated grammaticality on the basis of narrative and/or expository samples (Fey et al., 2004; Scott & Windsor, 2000; Westerveld & Gillon, 2010) . However, a picture-description procedure was chosen over narrative or expository sampling because many younger children experience difficulty in generating narratives (Berman & Slobin, 1994; BurnsHoffman, 1993) , and similar procedures have been adopted for young children in other studies (e.g., Darley & Moll, 1960; L. L. Lee, 1974) .
Sample Size for Calculating Language Sample Measures in Different Tasks
A sample size of 50 to 100 utterances has been suggested as the minimum number of utterances necessary for reliably measuring utterance length and vocabulary from a conversational sample (e.g., Miller et al., 2011; Paul & Norbury, 2012) . However, in a survey by Hux, Morris-Friehe, and Sanger (1993) , 25% of respondents reported using fewer than 50 utterances for LSA. Although some studies have suggested that smaller sample sizes of 20 to 30 utterances have adequate reliability for measuring utterance length and/or vocabulary (Casby, 2011; Heilmann, Nockerts, & Miller, 2010) , the majority of studies have concluded that conversational samples of about 100 utterances are needed to achieve acceptable reliability (i.e., reliability at a .90 level; Bogue, DeThorne, & Schaefer, 2014; Gavin & Giles, 1996; McCauley & Swisher, 1984) for these measures (Cole, Mills, & Dale, 1989; Darley & Moll, 1960; Rondal & DeFays, 1978) .
More structured speaking tasks typically yield fewer utterances than conversational sampling (e.g., Merritt & Liles, 1989; Southwood & Russell, 2004) . Heilmann, Nockerts, and Miller (2010) examined narrative samples and concluded that 3-min narrative samples, yielding on average 30 utterances, would be adequate for measuring mean length of utterance in morphemes (MLUm), total number of words, and number of different words as part of a comprehensive battery for assessing language. However, although internal reliability for the 3-min sample was at an acceptable (i.e., .90) level for the vocabulary measures, reliability for MLUm was below .80. Of particular importance for the present study, reliability for measuring grammaticality, calculated as the number of omissions and errors per minute, was below .70 in the 3-min narrative samples.
Most of the previous studies determined the effect of sample size on the basis of the number of utterances. To the best of our knowledge, only one study has investigated sample size for an item-based task that involved talking about pictures in response to prompts. This was a study by Brookshire and Nicholas (1994) , and it considered the number of items needed to obtain a reliable measure of percent correct information units from adults with and without brain injury. Percent correct information units measure informativeness by dividing the number of words that are accurate and relevant to the task by the total number of words produced. Their protocol included 10 items administered in random order: four single pictures, two picture sequences, two requests for personal information, and two requests for procedural information. Sample size was manipulated by controlling for number of items rather than for length of the language sample because this reflects the way clinicians control sample size. Scores for percent correct information units stabilized after participants completed four to five items, with low reliability for scores based on fewer items.
In summary, previous studies have shown that samples of 100 utterances are needed to achieve acceptable reliability for MLUm from conversational samples in children (Cole et al., 1989; Darley & Moll, 1960; Rondal & DeFays, 1978) . Approximately 30 utterances are required to compute acceptably reliable vocabulary measures from narrative samples (Heilmann et al., 2010) . In addition, four items (i.e., pictures and/or interview topics) are needed to calculate reliable percent correct information units in an item-based task for adults (Brookshire & Nicholas, 1994) . However, the numbers of utterances or items that are needed in order to compute reliable PGU scores in children remains an open question, even though studies have shown that PGU scores differentiate children with and without LI (Eisenberg & Guo, 2013; Fey, Catts, Proctor-Williams, Tomblin, & Zhang, 2004; Guo & Schneider, 2014; Souto et al., 2014) .
Purpose
As an initial step to fill in the gap in the literature, the current study examined whether PGU was affected by sample size in 3-year-old children. We used number of pictures as the measure of sample size because this coincides with clinical practice. That is, clinicians would administer a specific number of pictures to elicit the language sample rather than basing task length on reaching a specific number of utterances.
The picture description procedure used to collect language samples for calculating PGU (Eisenberg & Guo, 2013) had included 15 pictures. The average number of C-units produced by the children in the picture-elicited language samples was 72 (standard deviation [SD] = 18) for 3-year-old children with typical language and 62 (SD = 15) for children with LI. Administration time ranged from approximately 1 to 3 min per picture (M = 1.8 min) for a total time of 14 to 40 min (M = 27 min; SD = 7 min). This wide range in administration time occurred partly because some participants needed more reinforcing activities than others during the tasks. Given that using reinforcing activities is inevitable for 3-year-old children, the entire task could be overly long for some children and may not be ideal for clinical work. Examining how sample size affects the PGU score would also allow us to determine whether we can use fewer pictures in collecting picture-elicited language samples.
The current study examined how sample size (i.e., number of pictures) affected the PGU score from two sets of analyses. First, we examined the consistency of the PGU scores between shorter samples and longer samples. To this end, we divided the 15 pictures used by Eisenberg and Guo (2013) into two seven-picture sets (Sets 1 and 2), with one remaining picture randomly administered together with Set 1 or Set 2. Each of the seven-picture sets was administered in a separate session, with the order counterbalanced. We computed the differences and correlations of the PGU scores between each of the two seven-picture sets (i.e., Sets 1 and 2) and the 15-picture set (i.e., the total sample set). We also looked at agreement for making pass-fail decisions on the basis of PGU for the seven-picture and 15-picture sets. We asked the following questions:
1.
Would the PGU score for the shorter samples (i.e., the two seven-picture sets) significantly differ from the PGU score for the longer sample (i.e., the 15-picture set)?
2.
Were the PGU scores for the shorter samples correlated with the PGU scores for the longer sample at an acceptable level (i.e., correlation coefficient ≥ .90)?
3.
To what extent would the shorter samples yield the same pass-fail decision (i.e., score above or below a PGU cutoff of 58.23% on the basis of Eisenberg & Guo, 2013) as the longer sample?
Second, we examined the consistency of the PGU scores between the two seven-picture sets. We computed the differences and correlations of the PGU scores between the two seven-picture sets, and we looked at agreement for making pass-fail decisions on the basis of PGU scores for the two seven-picture sets. We asked the following questions:
4.
Would the PGU scores significantly differ between the two shorter samples?
5.
Were the PGU scores from the two shorter samples correlated with each other at an acceptable level (i.e., correlation coefficient ≥ .90)?
6.
To what extent would the two shorter samples yield the same pass-fail decision?
The following results would suggest that clinicians could use fewer pictures for calculating PGU: (a) if PGU scores for the two half-sets correlated with each other and with PGU for the longer sample; (b) if PGU for the two half-sets did not differ significantly from each other or from PGU on the basis of the longer sample; and (c) if PGU for the two half-sets resulted in the same clinical decision as each other as well as the longer sample.
Method
Participants Participants included 40 children from an existing database (17 girls, 23 boys) ranging in age from 3;0 to 3;11, with a mean age of 3;5 (SD = 0;3). All participants were from suburban areas of northern New Jersey and had been recruited for a study about language production in young children. Approval for this research was granted by the Montclair State University Institutional Review Board, and parents had provided informed consent for the archived data to be used in further studies of language development.
The children for the current study were selected without consideration of how they had performed on a standardized language test or a conversational language sample as well as information about diagnostic status or parental concern. This was done in order to ensure that the study had the ability to obtain PGU scores from children with varying language levels (see Ukrainetz McFadden, 1996) . Indeed, the resulting picture-elicited language samples yielded PGU scores ranging from 8% to 89% (see Figure 1 for the distribution of PGU on the basis of 15 pictures). The children were all monolingual English-speaking on the basis of parent report. Children were excluded if they or their parents spoke a non-mainstream dialect of English as reported by the parent. To be included in this study, children had to pass a hearing screening at 25 dB for the frequencies 500, 1000, 2000, and 4000 Hz and had to have nonverbal cognitive ability within the typical range on the basis of the Odd-Item-Out task of the Reynolds Intellectual Screening Test (RIST; Reynolds & Kamphaus, 2003) . Children also had to pass the Articulation Subtest of the Fluharty Preschool Speech and Language Screening Test, Second Edition (Fluharty, 2001) . Socioeconomic status (SES) was based on maternal education, with 90% having a college degree and 10% having a high school diploma as their highest level of education. Racial distribution, based on self-identification by the parent, was 75% White, 20% African American, and 5% Asian. Twenty percent self-identified as Hispanic.
Stimuli
Language samples were elicited by prompting the child to talk about 15 pictures. The pictures were selected from a file of pictures that had been collected over time by the first author to use for language sampling and therapy activities. The source for nine of the pictures was unknown. Each of the pictures included at least two people and had at least one other character that was either a person, animal, To evaluate whether PGU scores would vary with sample size (i.e., number of pictures), we divided the full set of 15 pictures into two seven-picture sets (Sets 1 and 2), with one remaining picture randomly administered together with Set 1 or Set 2. This decision was made to ensure that Sets 1 and 2 had an equal number of pictures. The task was administered in two sessions, with one picture set completed in each session. The order for administering the sets was randomized across sessions.
Language Sample Collection Procedure
Each child was individually tested by either the second author or a student research assistant who was trained to administer the task. The order of pictures within each session was randomized by allowing the child to select the next picture to talk about. There were four prompts, adapted from Leonard, Bolders, and Miller (1976) , for each picture. The prompts were selected so that the children would be obligated to produce declarative sentences with a subject and predicate. The first, second, and last prompt were the same for all of the pictures. The third prompt involved a story starter that was specific to each picture. An alternative prompt was given if a child did not respond to the first prompt, responded with "I don't know," or produced an utterance that did not relate to the picture. A list of the prompts is provided in Appendix A. The entire procedure was audio-recorded for transcribing and coding.
Language Sample Preparation and Coding
Student research assistants were trained to transcribe the samples following the conventions of Systematic Analysis of Language Transcripts (SALT; Miller & Iglesias, 2010) . Utterances were segmented into C-units. As described by Loban (1963) , a C-unit consists of an independent clause plus any number of dependent clauses. That is, a C-unit can include a maximum of one independent clause. A clause, by definition, must have at least a subject and a predicate (e.g., a verb). Phrasal utterances (e.g., a boy, a dog, and a mom) and utterances without subjects (e.g., have a book) or verbs (e.g., The dog mad) can also be counted as C-units as long as they are complete thoughts (Miller & Iglesias, 2010) . Utterances that are not completed, either because the child was interrupted or because the child discontinued the utterance, are not counted as C-units.
Only completely intelligible and on-topic C-units (that is, only language focused on the pictures in contrast to external comments to the examiner) were included in the analysis. Any questions that the children asked about the pictures were excluded (e.g., What he got in his hand? ). C-units that were not complete clauses were included in the PGU analysis if a full sentence response with both a subject and predicate were obligated. Thus, fragments, defined as C-units with only a phrasal constituent, were included if the examiner's prompt required a complete sentence. Utterances without a subject or without a main verb were also included if these elements were obligatory. However, any elliptical responses (i.e., utterances in which nonproduction of the subject or predicate was judged to be pragmatically allowable) to examiner requests for repetition or clarification (e.g., The boys are what? Throwing snowballs) were excluded from the analysis. Self-corrections after examiner queries (e.g., What did you say?) were also excluded.
All C-units with one or more errors in grammatical morphology, syntax, and/or semantics were marked as ungrammatical. Errors included (a) omissions of obligatory constituents, such as the subject or object of a verb, (b) substitution errors for subject (e.g., her is mad), object, reflexive and possessive pronouns and possessive determiners, (c) omissions and usage errors for verb tense markers including copula, auxiliary be, auxiliary do, third person singular -s, and regular and irregular past tense (Rice, Wexler, & Cleave, 2001 ), (d) omissions or substitutions of other bound or free morphemes (e.g., -ing, article a/the), (e) production of fragments in response to questions and prompts that obligated a complete sentence (e.g., a boy, a dog, and a mom), and (f) other syntactic errors or semantic irregularities (L. L. Lee, 1974 ) that did not fall into another error category. Pronouns and nouns were scored as gender errors only when there was inconsistency in the child's usage (e.g., referring to the same character as "girl" and "he"). Instances where the child's usage did not match the pictured character were not counted as errors (e.g., when the child consistently referred to a picture of a girl as "he" or "boy").
During pilot studies with the PGU measure, reliability for judging the acceptability of turn initial conjunctions produced after the elicitation question or prompt was low. An example of this would be the child saying, "because they're not sharing" when the examiner asked, "what else is happening in this picture?" In our original design, we, therefore, decided to eliminate these conjunctions from the analysis and did not judge their grammaticality. However, the samples in the current study did not include any utterances in which responses to prompts started with a conjunction.
To check the reliability of transcription, a consensus procedure (adapted from Shriberg, Kwiatkowski, & Hoffman, 1984) was used. Each sample was first transcribed by one of the trained student research assistants. Utterances that could not be fully transcribed after the research assistant listened three times were marked as unintelligible and excluded from the analysis. Transcription for the entire sample was rechecked by a second trained student research assistant and then by the first author. Any discrepancies that could not be resolved were excluded. The same consensus procedure was followed for utterance segmentation, utterance inclusion, and coding. There were no disagreements for utterance segmentation or utterance inclusion. All instances of error coding that could not be resolved were considered to be acceptable and were not coded as errors.
Analyses
PGU was calculated for all 15 pictures (i.e., total PGU) and for each of the seven-picture sets (i.e., PGU Set 1 and PGU Set 2) by subtracting the number of ungrammatical C-units from the total number of C-units and then dividing by the total number of C-units. The PGU score of 58.32% from Eisenberg and Guo (2013) was used as the standard cutoff score for decision making across picture sets. Scores at or above this cutoff were considered to be passing; scores below this cutoff were considered to be failing.
The first set of analyses compared shorter and longer samples. One-way repeated-measures analysis of variance (ANOVA) models were adopted to examine whether PGU scores differed between each of the seven-picture sets and the total sample. Pearson product-moment correlations were computed to examine the extent to which PGU scores from each seven-picture set correlated with PGU scores from the total sample. We also compared the degrees of agreement for the pass-fail decisions between each sevenpicture set and the total sample.
In the second set of analyses, we compared the two shorter samples (i.e., Sets 1 and 2). One-way repeatedmeasures ANOVAs were adopted to examine whether PGU scores differed between Set 1 and Set 2. Pearson productmoment correlations were computed to examine the extent to which PGU scores were correlated for the two sevenpicture sets. We then compared the degree of agreement for the pass-fail decisions between Set 1 and Set 2. Table 1 presents the total number of utterances and mean length of C-units in morphemes (MLCU-m) for each set. One-way repeated-measures ANOVAs indicated that the total number of utterances did not differ significantly between Set 1 and Set 2, F(1, 39) = 2.03, p = .16, h p 2 = .049. However, MLCU-m was longer for the total sample than for Set 1 or Set 2, Fs > 4.24, ps < .04, h p 2 > .19. In addition, MLCU-m was also longer for Set 1 than for Set 2, F(1, 39) = 4.59, p = .04, h p 2 = .105. Furthermore, because the administration of Sets 1 and 2 was randomized across sessions, we wanted to know if the PGU scores varied with sessions due to the potential practice effect. The PGU score in Session 1 (M = 56.55%, SD = 22.77%) did not significantly differ from that in Session 2 (M = 56.60%, SD = 24.28%), F(1, 39) = 0.001, p = .98, h p 2 < .001. Thus, the factor of session order is not further discussed here.
Results

Preliminary Analyses
Comparisons Between PGU Scores Based on Longer and Shorter Samples
The mean PGU scores for the total sample and for each seven-picture set are presented in Table 1 . We first compared PGU for the total sample to PGU for the two seven-picture sets (i.e., Sets 1 and 2). There were no significant differences between PGU from the total sample and PGU from Set 1 or Set 2, Fs < 0.59, ps > .45, h p 2 < .02. To further explore whether the PGU scores were consistent between longer and shorter sets, we computed Pearson correlation coefficients between these measures. Table 2 presents the correlation coefficients between PGU scores by picture set. PGU for each half-set was significantly correlated with PGU for the total sample (rs > .95, ps < .01). Table 3 presents the pass-fail decisions for each participant for the total sample and for each seven-picture set on the basis of the criterion PGU level of 58.32% obtained from Eisenberg and Guo (2013) . Overall agreement between Set 1 and the total set was 88%, with 95% agreement for passing (i.e., scoring at or above a PGU of 58.23%) but only 81% agreement for failing (i.e., scoring below a PGU of 58.23%). Agreement between Set 2 and the total set was 95%, with 95% agreement for both pass and fail decisions. Disagreements for pass-fail decision between longer and shorter sets were all for children who had scored between 52% and 62% for PGU for the total sample. There were no pass-fail disagreements for children who scored below 52% and above 65%.
Comparisons Between PGU Scores for the Two Shorter Samples
The mean PGU scores for the two seven-picture sets are presented in Table 1 . We first compared PGU between the two seven-picture sets. PGU for Set 1 was not significantly different from PGU for Set 2, F(1, 39) = 0.46, p = .50, h p 2 = .012. Next, we computed Pearson correlation coefficients between PGU for Set 1 and Set 2 to further examine whether the PGU scores were consistent between the two seven-picture sets (see Table 2 ). PGU for Set 1 and PGU for Set 2 were significantly correlated with each other (r = .83, p < .01), although this correlation was not as strong as Note. No. utterances = total number of utterances; MLCU-m = mean length of C-units in morphemes.
the correlations between each seven-picture set and the total sample. The pass-fail decisions for each picture set on the basis of the criterion PGU level of 58.32% obtained from Eisenberg and Guo (2013) are also included in Table 3 . Overall agreement between Set 1 and Set 2 was 83%. When Set 1 was used as the reference point, there was 89% agreement for failing and 77% agreement for passing. When Set 2 was used as the reference point, there was 90% agreement for failing and 75% agreement for passing. Disagreements for pass-fail decisions between the two sets occurred only for the seven children who had scored between 42% and 65% on one of the two seven-picture sets.
Discussion
The current study investigated the utility of using smaller samples, on the basis of the number of pictures used to elicit the language samples, to calculate PGU. Overall, we found that PGU did not change significantly when fewer (i.e., seven) pictures were used, and there was no difference in PGU between longer and shorter samples or between the two shorter samples. In addition, PGU for each of the seven-picture sets was highly correlated with PGU for the longer 15-picture set and with each other. Taken together, these findings suggest that PGU scores are not affected by reducing the sample size (i.e., number of pictures), possibly because rate-based measures are less influenced by sample size than are token-based measures (e.g., Owen & Leonard, 2002) .
To further evaluate the consistency between the shorter and longer samples, we also compared pass-fail decisions (i.e., children scoring above or below a previously established PGU cutoff score of 58.23%) between these samples. Overall agreement for these decisions was moderate (i.e., between 80% and 89%) to good (i.e., between 90% and 100%). Disagreements for pass-fail decisions were not randomly distributed throughout the PGU score range. Rather, all pass-fail disagreements between longer and shorter samples and between the two shorter samples clustered within the PGU range of 42% and 65%.
One of the seven-picture sets (Set 2) showed good agreement (i.e., 90% or better) with the total set for both passing and failing decisions on the basis of PGU scores. The other seven-picture set (Set 1), however, showed a moderate level of agreement (i.e., 80% to 89%) with the total sample as well as with Set 2 for failing decisions. That is, more children scored below the PGU cutoff score on Set 1 than on either Set 2 or the total sample.
We considered several possible factors to explain why the failure rate for PGU for Set 1 was higher than the failure rate for the total set and for Set 2. One possibility was utterance length. We reasoned that children might produce more errors in longer utterances than in shorter utterances. The preliminary analysis showed that MLCU-m was higher for Set 1 than for Set 2. However, MLCU-m was also higher for the total sample than for either of the smaller samples. In addition, children who scored below the PGU PGU Set 1 (7) PGU Set 2 (7)
In Columns 2 to 4, the number "0" indicates the child was classified as failing on the basis of scoring below the 58.32% criterion, whereas the number "1" indicates that the child was classified as passing on the basis of scoring above the 58.32% cutoff. Boldfaced areas mark the discrepancy in the classifications using the full set of pictures and using a half set of pictures or pictures of a given type. b The number within parentheses indicates the number of pictures for PGU computation.
cutoff varied in their MLCU-m and did not cluster at either the high or low MLCU-m range. It, therefore, did not seem likely that utterance length would account for the difference in failure rates between sets. A second possibility was the number of C-units produced. We reasoned that children might produce proportionally more errors in shorter samples than in longer samples. However, the preliminary analysis showed that there was no difference in the number of C-units produced on the two seven-picture sets. There was also no difference in PGU between the shorter seven-picture samples and the longer sample of 15 pictures. Additionally, children who scored below the PGU cutoff varied in their sample length and did not cluster at either the high or low range for number of C-units. Number of C-units, therefore, also did not account for the difference in failure rates between sets.
A third possibility was the type of pictures included in each set. In a study by Shapiro and Hudson (1991) , preschool children responded differently to picture sequences showing a problem and resolution than to picture sequences that depicted a series of events that were not causally related. The problem-based picture sequences yielded not only better stories but also more varied and complex language forms than the action sequences. We reasoned that a similar effect on utterance form might have occurred in response to single pictures and that this might affect not only utterance complexity but also grammaticality. That is, it may be that problem-based pictures promoted use of more complex language forms and that these were more likely to contain errors.
To explore this, we did a post hoc analysis for picture type. We administered a Likert-type scale for picture type to 18 master's students majoring in speech-language pathology. We classified pictures as problem-based if they were rated as definitely or probably a problem picture by at least 80% of respondents and classified pictures as action-based if they were rated as definitely or probably an action picture by at least 80% of respondents. On the basis of these ratings, five of the pictures were classified as problembased, and five were classified as action-based. The remaining five pictures were considered to be nonclassifiable.
We then checked the pictures included in each of the seven picture sets based on these ratings. Set 1 included three problem-based pictures, three action pictures, and one unclassifiable picture. Set 2 included one problem-based picture, two action pictures, and three unclassifiable pictures. The distribution of picture types was, thus, quite different between sets, with Set 1 including more problembased pictures than Set 2. In spite of this, PGU did not differ significantly between sets. That is, the higher number of problem-based pictures in Set 1 did not result in more grammatical errors or lower PGU overall. Inspections of the individual data indicated that although 18 of the children had a lower PGU on Set 1 than Set 2, another 18 children had a higher PGU on Set 1, and four children had the same PGU on both sets. Picture type did not, therefore, seem to account for the difference in failure rates between picture sets. However, the variability in picture type between sets may have affected the internal consistency of the language sampling task and, therefore, may have contributed to measurement error. Further studies are needed in order to determine whether and to what extent picture type might affect PGU scores.
Clinical Implications
Grammaticality, as measured by PGU, appears to be unaffected by reducing the sample size (i.e., number of pictures). Therefore, smaller samples can be used, shortening the time for administration, transcription, and scoring. To measure children's performance on PGU, we recommend using an activity, such as having a child talk about pictures in response to prompts, which obligates complete sentences with both a subject and a predicate. In the current study, we used sets of seven pictures that took seven to 20 min, including reinforcement time, to administer.
For the current study, we used a previously determined PGU cutoff score of 58.23% for making pass-fail decisions. That cutoff score was based on children who were previously identified as having either LI or typical language. The disagreement pattern in the current study suggests that applying that cutoff to make decisions about children who are not previously identified, as would be the case in clinical assessments, could result in both overand underidentifying LI. In the current study, pass-fail disagreements between picture sets clustered in the PGU range between 42% and 65%, with no disagreements above or below this range. This suggests that we can have confidence in passing children whose PGU score is above 65% and in failing children whose PGU score is below 42%. However, PGU scores between 42% and 65% would warrant using additional pictures and longer samples for calculating PGU.
We are not suggesting that PGU should be used as the only measure in making diagnostic decisions. Instead, PGU should be used as one piece of evidence in the assessment battery that provides supplementary information in addition to standardized tests and other language sample analyses.
Strengths and Limitations of the Current Study
Consistent with other studies investigating sample size for language analyses, we compared the mean PGU scores between samples and calculated reliability correlations. To the best of our knowledge, the present study is the only investigation that examines the effect of sample size on grammaticality measures (i.e., PGU) and considers its impact on clinical decision making.
Our previous study (Eisenberg & Guo, 2013 ) about the diagnostic accuracy of PGU found high sensitivity and moderate specificity for differentiating between typical language and LI using a 58.23% cutoff score. However, that result was based on pre-identified groups of children, as is common for studies of diagnostic accuracy (Pawlowska, 2014; Souto et al., 2014) and which inflates group differentiation accuracy rates (Goodwin & Leech, 2006; Pawlowska, 2014) . In contrast, in the current study, we included children with varying language abilities and were masked to the language status of participants. This allowed us to better evaluate the interpretation of PGU scores.
A limitation of the current study is that we used two fixed sets of seven pictures each with pictures randomly assigned to each set. However, further inspection revealed that the composition of the picture sets was not the same. Although the PGU scores in Set 1 and Set 2 were not significantly different, Set 1 yielded more children who scored below the cutoff scores than the total sample. Thus, we cannot be certain that picture selection will not influence the child's PGU score and the use of PGU in clinical decision making. Further studies that manipulate picture type and use different pictures are needed to investigate whether clinicians can use varied pictures for PGU or whether the pictures need to be standardized. Note, however, that the issue of a possible impact of stimulus materials is not unique to picture-elicited language samples. Miller (1981) , for instance, raised a similar concern about the potential impact on MLU of the toys used for eliciting language samples during play.
Another limitation was that the SES range of the participants was not fully representative. This is important because SES has been shown to influence performance on language assessments. For instance, M. W. Lee et al. (2008) reported that a group of children for whom only 5% of mothers completed college scored significantly lower on a standardized language test than a group of children whose mothers all had college degrees. Thus, we cannot be certain that the recommended PGU interpretation is applicable to children from lower SES backgrounds.
Conclusion
PGU scores from picture-elicited language samples have been found to be a sensitive tool in identifying children with LI (Eisenberg & Guo, 2013) . In this study, we investigated whether a shortened version (i.e., seven pictures) of this language sample collection procedure would yield a PGU score similar to the full version of the task (i.e., 15 pictures). PGU scores for the shortened version were similar to, and were correlated with, those for the full version, suggesting that PGU scores were not affected by reducing the number of pictures. Taken together, the results showed that PGU scores can be computed using seven pictures, at least for 3-year-old children. However, the results also suggest caution in interpreting PGU scores relative to the previously determined cutoff when different pictures are used.
